expect to obtain relatively high power with this transition, since lasing is
effected at relatively low energy levels. '

The upper 2p5 state is connected with only one of the ls states, and
should therefore have a lower probability of spontaneous decay compared with
the other 2p states. The lower 3d5
with the 2p6 and 2p7 levels, and also with the ground state. The undesirable

state is coupled by strong transitions

reabsorption accompanying the strong coupling between the 3d5 level and the
ground state can be reduced by decreasing the diameter of the discharge tube
to a reasonsble size.

Emission of a 75.5778 u wavelength was effected by us in the mixtures
He + Xe (100:1) at optimal pressure Pye = 3.5 x 10-2 mm Hg and Kr + Xe (3:1)
at py, = (L.5 - 2) x 102 m Hg. A generator was used with high-frequency
discharge and with internal confocal silvered mirrors with reflection coeffi-
cients 100 and 95%; the substrates were of crystalline quartz. The length of
the discharge quartz tube was 1.80 m and the inside diameter was 6 mm.

The authors are deeply grateful to T. M. Livshitz for supplying the

far-infrared receiver developed by him.
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The breakdown of a gas in the focus of an intense light wave, reported
. [1-4]
in

(a theory of this process was presented in[b]) or to multiphoton processes

, can be related either to cascade multiplication of free electrons
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(cf. 6, 7]). Although the dependence of the threshold light-field intensity
thr s [23 3]

E on the pressure, measured in , can be satisfactorily described by
the theory of cascade breakdown, the influence of multiphoton processes cannot
be regarded as excluded. This was pointed out, in particular, by Nelson et

al.[8]

interpreted their results on the basis of multiphoton-process concepts. It

, who measured the absorption in air near the breakdown threshold and

should be noted that in all the foregoing investigations the breadkown was
studied at a single wavelength, A x 0.7 u. It seems to us that this question
can be clarified to a definite degree by measuring the frequency dependence of
the threshold electric field intensity. Indeed, according to [5] the threshold
intensity Ethr increases with frequency in cascade multiplication of free elec-
trons. On the other hand, according to (7]
strong light field is proportional to exp(-IO/hw), where I is the effective

0
ionization potential. Consequently, Ethr decreases with increasing frequency

the probability of ionization in a

in the case of photoionization. However, when different lasers are used in
such measurements (breakdown was observed so far only in the fields of a ruby
or necdymium-glass laser) systematic errors arise, due to the different beam
spreads, different focusing conditions, etc. The relatively slight frequency
difference (by merely a factor 1.5) consequently makes such measurements dif-
ficult. We have therefore investigated optical breakdown with the emission of
a neodymium-glass laser and its second harmonic (Al = 1.06y, Ay = 0.53u). Un-
der certain conditions it is possible to obtain light beams with nearly equal
geometry and the ratio of the pulse durations can be controlled with sufficient
reliability.

Frequency doubling of a Q-switched neodymium-laser with Q-modulation
was effected with a KDP (potassium dihydrogen phosphate) crystal. The ratio
of the beam spreads at the fundamental (al) to that at the second harmonic (a2)
depends on the ratio of the coherent length of nonlinear interaction L =

2n/Ka (where K is a coefficient determined by the dispersion propertles of

the crystal, cf. e. [9'111) to the crystal length &. a, < a, when £ > L,
and the harmonic consists of a set of bands whose intensity varies like
[(sina)/a]2, whereas a, ~ o) when L < L .

The figure shows photographs of the transverse structure of the funda-

mental radiation and of the second harmonic for the two indicated cases. 1In
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our experiments £ :,LC with £ = 2 em and o, >~ 10'.

1

Photographs of the transverse structure of the fundamental and
second-harmonic beams: a - fundamental radiation, b - second

harmonic for £ > LC, c - second harmonic for £ < Lc.

The threshold measurement scheme was conventional. The laser emission
or its second harmonic was focused in air with planoconvex lenses (thereby in-
creasing the spherical aberration appreciably) with focal distances f = b4 cm

and f = 6 cm. The radiation energy wl o Was measured with a calorimeter so
b4

placed that its entrance pupil exceeded the cross section of the beam emerging

from the focus.

The ratio of the squares of the threshold-field intensities E thr and

1
thr .,
E2 is

thr
/

3 thr]2 th thrc

r
=W 02t2/W2 1t (1)

E 1

(2, "z,

where Wihg are the threshold energies measured with the calorimeter (these
b

velues correspond to the appearance of the spark and are sbout 20% accurate),

Oi o are the areas of the focal spot at the fundamental and second harmonic,
2
and tl o are the durations of the corresponding pulses.

?

Typical values of the experimentally determined ratios £ = wlthr/wéthr

and average values obtained for 10 measurements are:
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L cm lens:

_ 2
£E=0.58 0.62 0.70 0.49 0.6 § = 0.6 : = 25% - 30%h
6 cm lens:
- /agz
£=0.6 0.58 0.6 0.6 0.66 £ = 0.63 L 25% - 30%
£

In our experiments the ratio t2/tl was usually (35751):3,0.75 (the second-
harmonic pulse is the square of the fundamental pulse). By virtue of the
foregoing, the ratio 02/0l is alwayg smaller than or equal to unity (see also
the figure; in our experiments values of 02/02 ranging from unity to 0.65

- 0.7 were possible). The diameter D of the focal spot was estimated by

1,2
us to be D = «f. Using this estimate, typical values of the breakdown field
are Elthr ~5x 106 V/cem (Dl:: 2 x 1672 em, t, 50 x 1077 sec, wlthr,z;O.S J).

The results show, in our opinion, that the dominating breskdown mechanism
at wavelengths longer than 0.53 y is cascade multiplication of free electrons.
Indeed, if the free electrons multiply like N = Nbexp(t/e), then the breakdown
corresponds to a definite value of the exponent ti/Bi (i = 1, 2) atteined with-
in the time of the light pulse. The electron-cascade time constant Bi, assum-
ing the multiplication to be purely classical, is according to (5] Gi-fkllw§/E§,
where I. is the energy needed to ionize the atom, and k is a coefficient. Thus,

1
the value of tiEiZ/wie is fixed at the instant of the breakdown, and consequently
- thr o w 2
1 2 1
n = L] = o) (2)
W thr o w ©
2 1 1

by virtue of the foregoing, nexp 2 0.4 - 0.5, and this exceeds the value
ntheor = 0.25 given by (2). This discrepancy exceeds the limits of experi-
mental error and can be attributed either to quantum effects when the free
electrons acquire energy, or to muliiphoton absorption. That the latter makes
a definite contribution is evidenced apparently by the results of our measure-
ments of the light absorption at the focus of the lens during the pre-breakdown
stage, which amounted approximately to 10% and 20% at 1.06 and 0.53/;, Te--
spectively.

We note in conclusion that the use of harmonic generators permits a study
of the breakdown effect in biharmonic fields. Preliminary experiments have

shown that a Jjoint action of the fundamental and second-harmonic fields takes
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place in air. It is of interest to study the frequency dependence of break-
down in condensed media. We propose to publish elesewhere some results of a
study of breakdown in liquids.

We are grateful to G. A. Askar'yan and F. B. Bunkin for useful discus-

sions and to N. K. Kulakova for help with the measurements.
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[1] [2]

The results of Sakita and of Pais et al. do not take account of
moderately strong interaction violating SU(6) symmetry and playing an important
role in mass formulas. It is therefore of interest to ascertain the influence
of moderately strong interaction on the relations between the magnetic moments
of baryons. We shall show that even when account is taken of moderately strong

interaction the relation between u(p) and p(n) is conserved.
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